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a method of generating a backward-compatible stereo image.
One embodiment of the backward-compatible stereo image
processing system includes: (1) first and second viewpoints
for an image, (2) an intermediate viewpoint for the image, and
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tent of the intermediate viewpoint and respective low spatial
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BACKWARD-COMPATIBLE STEREO IMAGE
PROCESSING SYSTEM AND METHOD OF
GENERATING A BACKWARD-COMPATIBLE
STEREO IMAGE

TECHNICAL FIELD

This application is directed, in general, to 3-D imaging and,
more specifically, to rendering a stereoscopic image.

BACKGROUND

The human visual system uses a variety of cues to under-
stand a scene, whether real or virtual. One such cue is bin-
ocular disparity, which is a depth cue and amounts to the
differences in spatial configurations between each of the ste-
reo views. For example, binocular disparity provides for
depth perception in a scene. The human visual system recog-
nizes lateral displacement between an object’s retinal images
in the left and right eye and resolves this disparity as depth.
Depth perception is recognized as an important aspect in
computer graphics, virtual reality and movies.

Stereoscopic rendering, or simply stereo rendering, is a
process by which a scene is rendered from two distinct view-
points: a left eye viewpoint and a right eye viewpoint, as in
normal binocular vision. The resulting stereoscopic images
can then be displayed providing the illusion of depth to the
viewer. Stereoscopic images may be displayed on a stereo
display, where a left eye image is displayed for the left eye,
and the right eye image is displayed for the right eye. Alter-
natively, stereo rendering may be extended to merge or fuse
the stereoscopic images together, creating a single three-
dimensional (3-D) image. The 3-D image can then be dis-
played and viewed on a 3-D display using one of several 3-D
systems, including anaglyphics, polarization, eclipse systems
or other filtering techniques. The 3-D image often cannot be
properly viewed through un-aided eyes. Most commercially
available systems require the use of special glasses having the
appropriate filtering or shutter characteristics to match the
display. Otherwise, to the naked eye, the displayed image
would appear distorted, or “doubled.” Doubled vision occurs
when each eye sees both the left- and right-eye images. Cer-
tain 3-D display systems are autostercoscopic, meaning that
they require no special headgear or glasses.

The display systems mentioned above are all two-dimen-
sional representations that appear 3-D when viewed. Normal
binocular vision achieves this through a process known as
stereopsis, where the brain resolves the binocular disparity
existing between the images perceived by each retina, due to
their parallax, resulting in depth perception. Real 3-D dis-
plays go a step further, as in volumetric displays, holographic
displays and integral imaging. These systems are also
autostereoscopic, but display actual 3-D imagery that can be
viewed from virtually any aspect without straining the eyes.

SUMMARY

One aspect provides a backward-compatible stereo image
processing system. In one embodiment, the system includes:
(1) first and second viewpoints for an image, (2) an interme-
diate viewpoint for the image, and (3) first and second output
channels configured to provide respective images composed
of high spatial frequency content of the intermediate view-
point and respective low spatial frequency content of the first
and second viewpoints.

Another aspect provides a method of generating a back-
ward-compatible stereo image. In one embodiment, the
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method includes: (1) receiving left and right views and an
intermediate view, (2) preserving low-frequency spatial dis-
parities between the left and right views, (3) suppressing low
spatial frequency content of said intermediate view, and (4)
forming the backward-compatible stereo image based on
high spatial frequency content from the intermediate view
and low spatial frequency content from the left and right
views.

Yet another aspect provides a stereo image rendering pipe-
line. In one embodiment, the pipeline includes: (1) left and
right low-pass filters configured to suppress respective high
spatial frequency content of left and right views of an image,
(2) a high-pass filter configured to suppress low spatial fre-
quency content of an intermediate view of the image, (3) left
and right combiners respectively configured to composite an
output of the high-pass filter with outputs of the left and right
low-pass filters to form left and right output channels, and (4)
a stereo output channel configured to combine the left and
right output channels into a stereo image.

BRIEF DESCRIPTION

Reference is now made to the following descriptions taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a block diagram of one embodiment of a back-
ward-compatible stereo image processing system;

FIG. 2 is a block diagram of another embodiment of a
backward-compatible stereo image processing system; and

FIG. 3 is a flow diagram of one embodiment of a method of
generating a backward-compatible stereo image.

DETAILED DESCRIPTION

The need for special viewing equipment, such as headgear
or glasses, to view a stereo image is a major limitation of
stereo, or 3-D content. Viewers without special equipment
often perceive distortion in the stereo image due to disparities
between the two stereo views. For example, colors appear
distorted in anaglyph stereo images viewed by the naked eye.
In other systems, the stereo image may appear blurred to the
naked eye. Backward-compatible stereo aims to reduce, and
perhaps minimize, disparity between stereo views, while pre-
serving sufficient cues for the human visual system to recon-
struct the scene in three-dimensions when viewed with spe-
cial equipment.

It is realized herein that sufficient visual cues and, more
specifically, depth information, exist in low spatial frequen-
cies for the human visual system to resolve a stereo image in
three-dimensions. This realization flows from the observation
that depth-of-field can be increased in a stereo image by
focusing the stereo views at slightly different distances.
Through stereopsis, the human visual system fuses the two
views, suppressing the blurred parts and preserving the cor-
rectly focused parts. In other words, high spatial frequencies
dominate in the human visual system.

It is realized herein that by preserving the low-frequency
spatial disparities between stereo views and suppressing
high-frequency spatial disparities, a sterco image can be
properly viewed with and without special equipment. It is
further realized herein that suppressing high-frequency spa-
tial disparities can be accomplished by sharing the high spa-
tial frequency content of an intermediate, or “central,” view
between the stereo image components. The intermediate view
can be recorded by an additional camera or synthesized from
the two stereo views. Preserving low spatial frequency or high
spatial frequency content is accomplished by low-pass or
high-pass filtering an image. It is realized herein the low-
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frequency spatial disparities between stereo views are pre-
served by low-pass filtering, or blurring, each view. Likewise,
the high spatial frequency content of the intermediate view is
preserved by high-pass filtering. It is further realized herein
the stereo views are reconstructed by compositing the low
spatial frequency content of one view with the high spatial
frequency content of the intermediate view. The same is done
for the other view.

There are a variety of techniques available to composite the
low spatial frequency content and high spatial frequency con-
tent. One such technique is to matte composite the high spa-
tial frequency content over the low spatial frequency content.
A much more basic approach is to simply sum the low spatial
frequency content and the high spatial frequency content;
however, this can introduce quality issues.

Low spatial frequencies include the soft, slowly varying
portions of the image, which is essentially the content
retained in a blurred image. This is similar to the base tones in
audio. Blurring itself, is a low-pass filtering function. For
example, taking a lens out of focus effectively performs an
optical low-pass filtering function. Low-pass filtering can
also be accomplished in the digital domain using, for
example, a digital smoothing filter. Smoothing filters typi-
cally average a group of nearby pixels to remove sharp edges,
transitions and contrast. An alternative is to use a fast Fourier
transform (FFT) to translate the image into the frequency
domain. Applying a low-pass filter to a view effectively pre-
serves the low spatial frequency content.

High spatial frequencies include those edges, transitions,
contrasts and other fine or crisp details that a high-pass filter
preserves. A high-pass filter can be accomplished by passing
an image through a low-pass filter and subtracting the result
from the original image. A variety ofhigh-pass filtering meth-
ods are available, including those common in early text copy-
ing technology, such as un-sharp masking.

FIG. 1 is a block diagram of one embodiment of a back-
ward-compatible stereo image processing system 100. Sys-
tem 100 includes a left camera 110, a right camera 112 and an
intermediate camera 114, and is configured to record a left,
right and intermediate view of an image. In certain embodi-
ments, the cameras are physical cameras for recording a live
scene. In other embodiments, the cameras are virtual and the
left, right and intermediate views are rendered from a left,
right and intermediate viewpoint. In alternate embodiments,
the intermediate viewpoint is rendered as a composite of the
views recorded by left camera 110 and right camera 112. The
intermediate view can be synthesized by interpolating the left
and right views, referred to as “view interpolation,” or by
some other technique for combining the left and right views.
System 100 also includes a low-pass filter 118-1, a low-pass
filter 118-2, a high-pass filter 116, compositors 122-1 and
122-2, a left output channel 124, a right output channel 124
and a stereo output channel 128.

High-pass filter 116 receives the output of intermediate
camera 114 and is configured to suppress low spatial fre-
quency content in the intermediate view. High-pass filter 116
preserves high spatial frequency content, including edges and
fine details, in the intermediate view. High-pass filter 116 can
be formed in a variety of ways. In certain embodiments high-
pass filter 116 is formed by low-pass filtering an original
image and subtracting the result from the original image.

Continuing the embodiment of FIG. 1, low-pass filter
118-1 and low-pass filter 118-2 respectively receive the out-
puts of left camera 110 and right camera 112. Low-pass filter
118-1 and low-pass filter 118-2 are configured to suppress
high spatial frequency content in the left and right views,
including high-frequency spatial disparities between the
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views. Low spatial frequency content is preserved in the left
and right views, including low-frequency spatial disparities
between the views. Low-pass filter 118-1 and low-pass filter
118-2 can be formed by a variety of techniques. Optically,
low-pass filtering can be achieved by an out-of-focus, or
“blurring lens.” In alternate embodiments, a digital low-pass
filter can be used. For example, a smoothing filter performs
the low-pass filtering function by averaging groups of nearby
pixels in the image to create a blurred effect.

Compositors 122-1 and 122-2 receive the output from
high-pass filter 116 and respective outputs from low-pass
filter 118-1 and low-pass filter 118-2. Compositor 122-1 com-
bines the high spatial frequency content of the intermediate
view from intermediate camera 114 with the low spatial fre-
quency content of the left view from left camera 110. The
resulting combined image, or the “left image,” is then pro-
vided on left output channel 124. Compositor 122-2 com-
bines the high spatial frequency content of the intermediate
view with the low spatial frequency content of the right view
from right camera 112. The resulting combined image, or
“rightimage,” is then provided on right output channel 126. In
certain embodiments, compositors 122-1 and 122-2 are matte
compositors configured to employ a spatial frequency depen-
dent alpha blending selectively combine the high spatial fre-
quency content and the low spatial frequency content. In
alternate embodiments, other compositing methods can be
used to combine low spatial frequency content of the left and
right views with the high spatial frequency content of the
intermediate view.

The left and right images provided on left output channel
124 and right output channel 126 are combined onto stereo
output channel 128. The left and right image exhibit low-
frequency spatial disparities preserved by the low-pass filter-
ing by low-pass filter 118-1 and low-pass filter 118-2. High
spatial frequency content is shared between the left and right
images due to the high-pass filter applied to the intermediate
view. The left and right images can be combined by tempo-
rally interleaving frames, which is to rapidly alternate the left
and right images. Alternatively, one of the images can be
superimposed over the other. For example, the image from
left output channel 124 can be superimposed onto the image
from right output channel 126. The resulting sterco image
contains low-frequency stereo cues sufficient to allow the
brain of a viewer to resolve the stereo image in three dimen-
sions if using special viewing equipment, such as synchro-
nized shutter glasses. The same stereo image can be viewed
without special viewing equipment and have little apparent
distortion due to the low-frequency spatial disparities.

FIG. 2 is a block diagram of another embodiment of a
backward-compatible stereo image processing system 200.
System 200 includes several components of the embodiment
of FIG. 1, in addition to a left view 210, a right view 220, a
processor 230 and an intermediate view 240. Left view 210
and right view 220 are used by processor 230 to generate
intermediate view 240. In certain embodiments, left view 210
and right view 220 are captured via physical cameras record-
ing a live scene, as in the embodiment of FIG. 1. In alternate
embodiments, left view 210 and right view 220 are rendered
views of computer generated graphics. Processor 230 synthe-
sizes intermediate view 240 by interpolating left view 210
and right view 220.

As in the embodiment of FIG. 1, left view 210 passes
through low-pass filter 118-1, preserving low spatial fre-
quency content present in left view 210. Likewise, right view
220 passes through low-pass filter 118-2, preserving low
spatial frequency content present in right view 220. High
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spatial frequency content of both left view 210 and right view
220 is respectively suppressed by low-pass filter 118-1 and
low-pass filter 118-2.

Similarly, intermediate view 240 passes through high-pass
filter 116, of FIG. 1, suppressing low spatial frequency con-
tent present in intermediate view 240 and preserving high
spatial frequency content.

The filtered views are then combined as they were in the
embodiment of FIG. 1, ultimately arriving at a backward-
compatible stereo image on stereo output channel 128.

FIG. 3 is a flow diagram of one embodiment of a method
for generating a backward-compatible stereo image. The
method begins in a start step 310. In a first generation step
320, left and right views of an image are generated. In some
embodiments, the left and right views are generated by ren-
dering a computer generated scene from stereo viewpoints. In
other embodiments the left and right views are captured by
stereo cameras recording a live scene. In the embodiment of
FIG. 3, an intermediate view of the image is generated in a
second generation step 330. The intermediate view can be
recorded by an additional camera, or can be synthesized. In
certain embodiments, the intermediate view is synthesized
from the left and right views by interpolation. In alternate
embodiments, where the left and right views are independent
renderings of a computer generated scene, the intermediate
view can be rendered from an additional viewpoint, similar to
the rendering of the left and right views.

Continuing the embodiment of FIG. 3, the left and right
views and the intermediate view are received as inputs to a
stereo image processing pipeline in a receiving step 340. In a
low-pass filtering step 350 the left and right views are filtered
to preserve the low-frequency spatial disparities between the
left and right views. Consequently, high spatial frequency
content is suppressed. In a high-pass filtering step 360 the
intermediate view is filtered to suppress low spatial frequency
content and preserve high spatial frequency content.

In a forming step 370, the backward-compatible stereo
image is generated based on the preserved content from the
left and right views and the intermediate view. The stereo
image is a combination of left and right images. The left
image is a combination of low spatial frequency content from
the left view and the high spatial frequency content from the
intermediate view. The same high spatial frequency content is
also present in the right view, which combines the high spatial
frequency content of the intermediate view and the low spatial
frequency content of the right view. The left and right images
are combined by temporal interleaving, or rapidly alternating
between the left and right images for display. In alternate
embodiments the left and right images are combined by
superimposing one onto the other and subsequently separat-
ing them, for example, by color or polarization, for presenta-
tion to each eye. The method ends in an end step 380.

Those skilled in the art to which this application relates will
appreciate that other and further additions, deletions, substi-
tutions and modifications may be made to the described
embodiments.

What is claimed is:
1. A backward-compatible stereo image processing sys-
tem, comprising:

first and second viewpoints for an image;

an intermediate viewpoint for said image; and

first and second output channels configured to provide
respective images composed of said intermediate view-
point with low spatial frequency content suppressed and
respective low spatial frequency content of said first and
second viewpoints.
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2. The backward-compatible stereo image processing sys-
tem recited in claim 1 wherein said intermediate viewpoint is
an interpolation of said first and second viewpoints.

3. The backward-compatible stereo image processing sys-
tem recited in claim 1 wherein said intermediate viewpoint is
captured independent of said first and second viewpoints.

4. The backward-compatible stereo image processing sys-
tem recited in claim 1 further comprising a stereo output
channel configured to temporally interleave said first and
second output channels.

5. The backward-compatible stereo image processing sys-
tem recited in claim 1 wherein said first and second view-
points form a stereo pair for viewing said image in two and
three dimensions.

6. The backward-compatible stereo image processing sys-
tem recited in claim 1 further comprising a filter configured to
suppress low spatial frequency content of said intermediate
viewpoint.

7. The backward-compatible stereo image processing sys-
tem recited in claim 1 wherein said respective images are
formed by matte compositing said high spatial frequency
content of said intermediate viewpoint and said respective
low spatial frequency content of said first and second view-
points.

8. A method of generating a backward-compatible stereo
image, comprising:

receiving left and right views and an intermediate view;

preserving low-frequency spatial disparities between said

left and right views;

suppressing low spatial frequency content of said interme-

diate view; and

forming said backward-compatible stereo image based on

high spatial frequency content from said intermediate
view and low spatial frequency content from said left
and right views.

9. The method recited in claim 8 further comprising ren-
dering said intermediate view as a composite of said left and
right views.

10. The method recited in claim 8 wherein said preserving
includes low-pass filtering spatial content of said left and
right views.

11. The method recited in claim 8 wherein said suppressing
includes high-pass filtering spatial content of said intermedi-
ate view.

12. The method recited in claim 8 wherein said forming
includes generating left and right output channels that are
combined into said backward-compatible stereo image.

13. The method recited in claim 12 wherein said forming
includes matte compositing said high spatial frequency con-
tent from said intermediate view over said low spatial fre-
quency content from said left and right views to form said left
and right output channels, respectively.

14. The method recited in claim 12 wherein said forming
includes temporally interleaving said left and right output
channels.

15. A stereo image rendering pipeline, comprising:

left and right low-pass filters configured to suppress

respective high spatial frequency content of left and
right views of an image;
a high-pass filter configured to suppress low spatial fre-
quency content of an intermediate view of said image;

left and right combiners respectively configured to com-
posite an output of said high-pass filter with outputs of
said left and right low-pass filters to form left and right
output channels; and

a stereo output channel configured to combine said left and

right output channels into a stereo image.
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16. The stereo image rendering pipeline recited in claim 15
wherein said stereo output channel is further configured to
temporally interleave said left and right output channels.

17. The stereo image rendering pipeline recited in claim 15
wherein said left and right views have low- and high-fre- 5
quency spatial disparities.

18. The stereo image rendering pipeline recited in claim 17
wherein said stereo image preserves low-frequency spatial
disparities between said left and right views.

19. The stereo graphics rendering pipeline recited in claim 10
15 wherein said intermediate view is recorded by a camera
independent of said left and right views.

20. The stereo image rendering pipeline recited in claim 15
further comprising a processor configured to generate said
intermediate view based on said left and right views. 15
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